Termites forage on a range of substrates, and it has been suggested that diet shapes the composition 21 and function of termite gut bacterial communities. Through comparative analyses of gut 22 metagenomes in nine termite species with distinct diets, we characterise bacterial community 23 compositions and identify biomass-degrading enzymes and the bacterial taxa that encode them. We 24 find that fungus-growing termite guts are enriched in fungal cell wall-degrading and proteolytic 25 enzymes, while wood-feeding termite gut communities are enriched for plant cell wall-degrading 26 enzymes. Interestingly, wood-feeding termite gut bacteria code for abundant chitinolytic enzymes, 27 suggesting that fungal biomass within the decaying wood likely contributes to gut bacteria or 28 termite host nutrition. Across diets, the dominant biomass-degrading enzymes are predominantly 29 coded for by the most abundant bacterial taxa, suggesting tight links between diet and gut 30 community composition, with the most marked shift being the communities coding for the 31 mycolytic capacity of the fungus-growing termite gut. 32 33 34 75 76
Introduction 35
Termites are widespread in tropical, subtropical and warm temperate regions (Buczkowski and 36 Bertelsmeir 2016) and form a diverse group of more than 3,000 described species in 281 genera and extent, Spirochaetales in wood feeders. In the remaining termite species, most of the fungal cell 155 wall-degrading enzymes were contributed by Clostridiales, Bacteroidales, and Spirochaetales (17%-156 92%), but the overall abundance of these enzymes was far lower than in fungus-growing termites dung and wood feeders could be explained by the presence of fungal biomass in the substrate 227 ingested by these termites. This is consistent with the low abundance of these enzymes in termites 228 feeding on soil and humus with much lower protein content. The only under-represented proteases 229 in fungus-growing termites was threonine peptidases, which has comparable activities as serine and 230 cysteine peptidases (Powers et al. 2002) . The absence of these enzymes could thus be compensated 231 for by the presence of other protease families; however, more work will be needed to test what these 232 enzymes indeed target.
234
Similarities in host diet have been shown to drive convergence in the functional potential of gut 235 microbes in other organisms (Muegge et al. 2011; Delsuc et al. 2014) . Selection for particular 236 physiological traits may, however, not necessarily be directly linked to specific phylogenetic groups 237 of microbes. Exploring communities associated with diverse fungus-growing hosts (and their 238 associated fungi) would allow us to explicitly test for convergent evolution of chitinolytic microbial 239 communities, even if these were likely comprised by different microbial consortia. A number of 240 other insects utilise fungus material as a nutrient source, including fungus-growing ants (Schultz 241 and Brady 2008; Schiøtt et al. 2010) , some Drosophila species (Jaenike and James 1991), the are also abundant and mycolytic in fungus-growing termites. The convergent prevalence of specific 251 protease-producing Firmicutes and Bacteroidetes taxa suggests that they were selected for high- 252 protein host diets, consistent with findings in humans (Eckburg et al. 2005 ) and pigs (Leser et al. 253 2002), and likely contributing to the observed convergence in fungus-growing termite and 254 cockroach gut metagenomes (Dietrich et al. 2014; Otani et al. 2014; Schauer et al. 2012) .
256
The prevalence of microbial communities with ample mycolytic capacities in the guts of fungus-257 growing termite species supports that the shift to a fungal diet was associated with both a functional 258 and compositional shift in gut microbial communities at the onset of fungiculture in termites. The 259 enrichment of GH families encoding fungal cell wall-degrading enzymes and proteases indicates 260 adaptations to the decomposition a fungal diet, consistent with this capacity being absent or less in 261 termites with predominantly plant-based diets. An exception is wood-feeding termites, for which 262 wood-degrading fungi also may comprise an appreciable component of the termite diet. Further 263 work will be needed to elucidate whether the functional capacities of the gut microbiota reflect the 264 amount of fungal biomass in the diet and potential differences in dietary properties of the fungal 265 species fed on. Furthermore, taxonomy assignments were reference-dependent and limited by the 266 closest match present in the databases, with 10-60% of the enzymes identified per metagenome 267 remaining unclassified and most of the classified enzymes remaining unidentified at the genus level, Odontotermes sp. collection 275 Termites from an Odontotermes sp. colony (code: Od127) were collected at the Experimental Farm 276 of the University of Pretoria, South Africa (-25.742700, 28.256517) . The species identity of this 277 colony had been previously established as by mitochondrial gene COII barcoding (Otani et al. 278 2014). Fifty old major workers were sampled, and entire guts were dissected and pooled in a 1.5ml 279 Eppendorf tube and stored at -80°C until DNA extraction. Gut microbiota DNA extraction 282 Guts were ground in liquid nitrogen, after which DNA was extracted using the Qiagen Animal 283 Tissue Mini-Kit (Qiagen, Hilden, Germany) according to the manufacturer's description, with the 284 exception that a chloroform extraction step was followed by incubation with protease K. After 285 proteinase K digestion, one volume chloroform/isoamyl alcohol (24/1) was added; tubes were 286 incubated for 15min on a slowly rotating wheel, and centrifuged at 3,000 g for 10 min. The 287 supernatant was transferred to spin columns and the remainder of the manufacturer's protocol was 288 followed. The quality and purity of samples were determined using NanoDrop® (Thermo 289 Scientific, Wilmington, USA). HiSeq2500. The quality of raw sequencing reads was assessed before assembly. Reads containing 296 the adaptor, more than 10% N or more than 50% low quality bases (Q-score 5), were removed. To Clean reads were assembled by IDBA-UD v1. 1.2 (Peng et al. 2010; 2011) with an iterative set up 302 from k-mer size of 19 to 99 at step of 10 (--pre_correction --mink 19 --maxk 99 --step 10).
303
Unassembled reads were picked out by mapping reads back to the initial assembly and assembled 304 separately with the same set up. Redundancies of sequences from the same organism within the 305 metagenome were removed by clustering all contigs at 95% identity with CD-hit v4.6.6 (Li and Non-fungus growing termite gut metagenomes 312 We obtained seven published non-fungus growing termite gut metagenomes. These were a dung 313 feeder: Amitermes wheeleri (He et al. 2013) ; two wood feeders: Nasutitermes corniger and 314 Microcerotermes parvus; a litter feeder Cornitermes sp.; two humus feeders: Termes hospes and contigs, after which the relative abundance of each contig was calculated as the coverage of the 323 contig divided by the sum of coverage of all contigs (Qin et al. 2010) . For non-fungus growing 324 termites, coverage information of contigs was obtained from JGI (Nordberg et al. 2014; Grigoriev et 325 al. 2012 ) and the relative abundances were estimated in as described for fungus-growing termites. with identities <30% were removed. Taxonomic information of the top hit was assigned to each 331 gene. Contigs referring to taxonomical levels were determined by a modified lowest common 332 ancestor (LCA)-based algorithm implemented in MEGAN (Huson et al. 2007) . Taxonomic 333 classification supported by less than 10% of the genes on each contig were first filtered, and the 334 lowest common ancestor (LCA) for the taxonomic classification of the rest of the genes were 335 assigned to the contig. The relative abundance of contigs belonging to the same taxonomic group 336 was summed up to represent the taxonomic abundance of that taxonomic group in the microbiota.
337
Differences in taxonomic abundances at the phylum level for metagenomes were compared and 338 visualized by Principle Component Analysis (PCA) using R v3.3.2 (R Core Team 2013). Engel F, Moran NA. (2013). The gut microbiota of insectsdiversity in structure and function.
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